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I. INTRODUCTION
The mass region around A = 120 is known for shape coexistence and the associated interplay between collective and noncollective degrees of freedom. Deformation changes are induced by the alignment of high-j nucleons, in particular protons and neutrons in h 11/2 orbitals, which have opposite shape-driving effects [1] . The proton Fermi surface lies in the lower part of the h 11/2 subshell and the neutron Fermi surface is located in the middle to upper region of that shell. Thus, alignments of protons in low-, h 11/2 orbitals induce prolate shapes, while the aligned neutrons in high-, h 11/2 orbitals drive towards oblate shapes. The coexistence of prolate and oblate shapes leads to a competition between collective and noncollective excitations [2, 3] . These phenomena have been studied in a variety of nuclei; e.g., in neutron deficient Sn [4] , Sb [5] [6] [7] , and Te isotopes [8] [9] [10] .
For the nuclei in this mass region with a small number of particles outside the 114 Sn core, the total angular momentum obtained by coupling the individual spins of all valence particles is limited. Recently, maximally aligned states with 8 to 11 particles were observed [10] [11] [12] [13] . Moreover, states with one or two particles antialigned with respect to the rotation axis of the other valence particles were discovered in 120 Te [10] and 123,125 I [11, 12] . In 121 I [13] , 123 I [12] , 123 Cs [14] , and 124 Ba [15] , low-intensity, high-energy γ -ray transitions were found to feed the maximally aligned states. These transitions result from core-breaking excitations.
In several recent studies, high-spin rotational bands with large deformation were observed in nuclei with neutron number N = 68-72; i.e., in 120 Te [10] , 123 I [12] , 125 I [16] , 125 Xe, [17] , 126 Xe [18] , and 124 Ba [15] . Some of these sequences extend into the spin-60 region. For 125 Xe [17] and 126 Xe [18] , quadrupole deformation parameters of ε 2 = 0.25-0. 35 were deduced from Doppler-shift attenuation measurements (DSAM).
In this paper, the results of a spectroscopic investigation of the high-spin structure of 122 Te are presented. The previously known level scheme [19] [20] [21] [22] is extended to considerably higher spin. Maximally aligned states and high-energy transitions originating from core-breaking excitations have been observed. Moreover, seven rotational bands with characteristics similar to the high-spin bands in neighboring nuclei have been discovered. Possible configurations for the observed structures are discussed within the framework of the cranked Nilsson-Strutinsky (CNS) model.
In Sec. II, details of the experimental procedure and the data analysis are given. The experimental results and the level scheme are presented in Sec. III. Possible configuration assignments to the new structures are discussed in Sec. IV, which is followed by a brief summary in Sec. V.
II. EXPERIMENTAL DETAILS AND ANALYSIS
Excited states in 122 Te were populated in the reaction 82 Se( 48 Ca,α4n) 122 Te with a nominal beam energy of 205 MeV. The 48 Ca beam, with an average current of 1.5 nA, was provided by the ATLAS accelerator at Argonne National Laboratory. The target consisted of a 0.5 mg/cm 2 thick, 99.8% enriched, 82 Se foil, evaporated on a 0.5 mg/cm 2 Au backing. A protective Au layer of 0.08 mg/cm 2 covered the 82 Se foil. The backing faced the beam and reduced the beam energy to 200 MeV at mid target. The target was mounted on four quadrants of a rotating wheel and the beam was slightly defocused and wobbled horizontally by a few millimeters to prevent heating and evaporation of the Se layer.
Gamma-ray coincidence events were detected using the Gammasphere spectrometer [23] consisting of 100 Comptonsuppressed Ge detectors in this experiment. A total of 2.8×10 9 events with Ge fold 5 were recorded in seven days of beam time and stored on magnetic tape. In the reaction, the dominant channels were 4n, 5n, 6n, p4n, and α4n, populating 126 Xe, 125 Xe, 124 Xe, 125 I, and 122 Te, respectively.
In the off-line analysis, the calibrated and gain-matched coincidence events were sorted into γ -γ matrices, γ -γ -γ cubes, and γ -γ -γ -γ hypercubes using the RADWARE software package [24] .
Two matrices were sorted for the angular distribution analysis. The first one included the events detected in detectors at forward and backward directions (fb), with average angles of ≈35 • and ≈145 • , respectively, on one axis and those detected in all detectors on the other axis (all). The second matrix consisted of counts registered in detectors near 90 • on one axis (90) and those in all detectors again on the second axis. Angular distribution ratios, R θ , were determined by setting gates on these matrices with events detected in all detectors. The intensity ratio 
III. RESULTS AND LEVEL SCHEME
The level scheme of 122 Te, based on both present and previous results [19, 20] , is displayed in Fig. 1 . The positiveparity ground band was established up to I π = 10 + and 12 + in investigations by Chowdhury et al. [21] and Lee et al. [22] , respectively, and was later extended up to I π = 16 + by Paul et al. [19] . Nag et al. [20] reported positive-parity levels up to I = (25) and several side branches.
In the present investigation, the previously observed transitions and the spin and parity assignments of the low-spin part of the level scheme are confirmed. The level scheme is extended up to states with spins close to I = 50. The highest-spin states are reached in the seven new rotational bands, labeled b1 to b7 in Fig. 1 . Gamma-ray energies, relative intensities, angular distribution ratios, deduced multipolarities, and spin assignments are summarized in Table I. In the following, only the placements of the more strongly populated new levels in the medium-and high-spin part of the scheme of Fig. 1 will be explained.
A. Medium-spin states
Three examples of triple-gated γ -ray coincidence spectra with transitions from the low-and medium-spin regions are presented in Fig. 2 . The spectrum in the upper panel (a) was created with gates on transitions of the ground band, labeled a in Fig. 1 . It highlights its extension by a cascade of E2 transitions up to the I π = 22 + level at 8268 keV as well as the presence of the side band labeled b. The positive-parity band continues further up in the irregular sequence labeled e. The center (b) and lower (c) panels highlight transitions of the negative-parity sequences c and d, respectively.
The I π = 22 + state decays into the ground band and via a rather strong cascade b of transitions with energies of 1185, 417, 558, 394, 424, and 609 keV into the I π = 14 + level at 4681 keV. This sequence was reported already by Nag et al. [20] . The intensity ratios, R θ , for the 1185-, 417-, 394-, and 609-keV lines are compatible with a stretched dipole nature, whereas stretched E2 multipolarity is assigned to the 558-and 424-keV γ rays; see Table I . The ordering of the transitions within cascade b is based on their intensities and is further supported by the presence of several decay-out branches. Prominent cascades are the sequence with energies of 961, 874, and 719 keV, linking the 19 (−) state of branch b to the 14 + level of ground band a, and that with energies of 194, 613, and 627 keV, which establishes a decay path from the 18 (−) state of branch b to the 16 + level of band a; see Fig. 1 . Furthermore, sequence b decays into branches c and d through the 661-and 232-keV transitions, respectively, feeding the (16 − ) and (17 − ) states. A cascade with an E2 γ ray of 540 keV and three dipole transitions of 700, 605, and 521 keV was placed on top of sequence d.
The stretched dipole transitions with energies of 669 and 324 keV feed into the ground band at the I π = 16 + level. The intensity of the 626-keV line could not be determined due to the presence of other close-lying transitions. The 7026-keV state of this sequence is connected by the 745-keV γ ray with the I π = 20 + , 7771-keV level of the ground band. Above the I π = 22 + state, the lines with energies of 454, 1108, 1101, 438, 1074, and 988 keV form the continuation e of the positive-parity yrast levels. A stretched dipole character is obtained for the 454-, 438-, and 1074-keV transitions, whereas the 1108-and 1101-keV γ rays exhibit a stretched E2 character. The angular distribution ratio for the 988-keV line could not be determined. The 665-, 1197-, and 751-keV transitions connect the I = 29 level at 12 443 keV with the I = 25 state at 9830 keV.
Three low-intensity γ rays with energies of 1329, 1348, and 1722 keV feed into the level with spin I = 25 of sequence e; another one, with an energy of 1689 keV, populates the I = 23 state. Some of these lines lie close to in-band transitions of the high-spin bands, see below, and have to be regarded as tentative. 
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B. High-spin bands
In Figs. 3 and 4 , triple gated γ -ray coincidence spectra of the seven high-spin rotational bands observed in this experiment are displayed. Band 6 is the most intense, gathering about 3.5% they are of E2 multipolarity. The ordering of the transitions within the bands is based on their expected rotational behavior as well as their relative intensities in the coincidence spectra. Some γ rays at the bottom are weaker due to (unobserved or unplaced) decay branches to lower-spin levels; see Table I .
All seven bands are in coincidence with 122 Te transitions. However, they are not firmly linked to the lower part of the level scheme. The decay paths are probably fragmented, with low-intensity branches to different regions of the level scheme. A major part of the decay appears to proceed via the I = 23 and 25 states of sequence e.
First estimates of excitation energies of b1-b7 were made assuming that weaker bands are located at higher energies and band head spins were chosen to lie about 2h above those of levels observed in coincidence. These energy and spin values are similar to those of known connected bands in neighboring nuclei; see below. With these starting values, the behavior of the bands in the excitation energy vs spin plane was compared with results of CNS calculations, see below, which leaded to minor adjustments. Spin values are uncertain by at least 2h and excitation energies may vary by about 2 MeV.
IV. DISCUSSION
The structure of the low-spin levels in 122 Te was investigated in previous work [19] [20] [21] [22] . Here, only the configuration assignments to the new high-spin states will be discussed.
Of special interest are the terminating states, where all spin vectors of the valence particles outside the 114 Sn core are aligned. Several high-energy transitions feeding these levels are observed. They are suggested to originate from core-excited states.
The seven unconnected high-spin bands exhibit features similar to those of the long collective bands discovered recently in several nuclei of the region with neutron numbers between N = 68 and 72 [10, 12, [15] [16] [17] [18] . Configurations for the new high-spin structures are suggested on the basis of comparisons with the results of CNS calculations.
A. CNS calculations
Within the framework of the CNS approach [25] [26] [27] , no distinction is made between valence orbitals and the core. The configurations are labeled by the number of particles or holes in orbitals with their main amplitudes in different j shells. Particles in high-j intruder orbitals and in the other j shells can be distinguished [25, 28] . Each group of orbitals is further divided according to signature α = 1/2 and α = −1/2, respectively. The configurations are labeled as [p 1 p 2 , n 1 (n 2 n 3 )], where p 1 is number of proton holes in g 9/2 levels and p 2 is the number of protons in h 11/2 orbitals, whereas the number of neutrons occupying h 11/2 , (h 9/2 f 7/2 ), and i 13/2 orbitals are represented by n 1 , n 2 , and n 3 , respectively.
In the present calculations, the κ and μ parameters derived for the A = 110 region have been applied [29] . Total energies are calculated as the sum of the rotating liquid drop energy and the shell energy using the Strutinsky method [30, 31] . The Lublin-Strasbourg drop (LSD) [32] with a diffuse surface has been used to estimate the static liquid drop energy. The rigid body moments of inertia are calculated with a radius parameter of r 0 = 1.16 fm and a diffuseness of a = 0.6 fm [27] . An absolute energy scale based on mass excess has been applied so that different nuclei can be compared. The calculation minimizes the energy for different configurations with respect to the deformation parameters (ε 2 , ε 4 , γ ) at different spins. Pairing is neglected. Thus, the results of the calculations are applicable in regions where pairing is quenched. However, agreement with experiment is often achieved also in the intermediate-spin region, for I > 15 [10, 11, 33] .
B. Medium-spin range
Favored aligned neutron states, involving the particles available outside the 114 Sn core, are ν d 2 3/2 , h 4 11/2 ; I π max = 16 + , 18 + ; ν d 3 3/2 , h 3 11/2 ; I π max = 15 − ; ν d 3/2 , h 5 11/2 ; I π max = 19 − . The maximum spin values given here can be inferred from the tilted Fermi surface diagram presented in panel (b) of Fig. 5 where the calculated single-particle energies, e i , are plotted as a function of the spin-projection quantum number, m i . The orbitals below the straight lines are occupied and the total spin is obtained as the sum of all projections m i below the lines. Note that the state referred to as I π max = 16 + is formed when four h 11/2 neutrons couple to spin 16 while the two neutrons in d 3/2 orbitals are paired to spin 0. They are drawn as filling the m i = ±1/2 states in Fig. 5(b) .
The favored proton configurations are π [(g 7/2 , d 5/2 ) 2 ]; I π max = 6 + ; π [g 7/2 , h 11/2 ]; I π max = 9 − . The 16 + state at 5406 keV may be explained by coupling the protons in (g 7/2 , d 5/2 ) orbitals with I π max = 6 + to a neutron configuration with I π max = 10 + . This state is formed from two fully aligned h 11/2 neutrons and is a typical feature of calculations with pairing, but it does not appear in the present, unpaired CNS calculations.
When the neutron configuration with I π = 16 + is coupled to the (g 7/2 , d 5/2 ) proton configuration, it may describe the experimentally observed 22 + state at 8268 keV. The CNS Spin, I (h -) calculations do not show this state (which has a deformation of 2 ≈ 0.16 and γ ≈ 60 • ) as a favorable excitation; see Fig. 6(b) . However, states with I π = 22 + involving four h 11/2 neutrons are observed in neighboring 120 Te [10] and with I π = 55/2 − in 125 I [11] . In these nuclei, the tilted Fermi surfaces give an empty and a filled d 3/2 shell, respectively, consistent with their lower energy compared with the 22 + state in 122 Te. The maximum spin that can be generated by the full alignment of the angular momenta of all valence nucleons in the configuration π [g 7/2 , d 5/2 ] 2 6 ⊗ ν[d 2 3/2 , (h 11/2 ) 4 ] 18 , or [00,4(00)] in the shorthand notation is 24 + . In the calculation of Fig. 6(b) , a minimum in energy is found at this spin value. Experimentally, the I = 23 levels of sequences e and f at 8429 and 8722 keV, respectively, and the I = 24 state at 9051 keV of sequence f lie low in energy. A minimum with I = 23 in the CNS calculation corresponds to the maximum-spin state of the [00,4(00)] configuration, where the two d 3/2 neutrons have signature α = 1; i.e., they couple to I = 1.
The negative-parity branches c and d are established experimentally up to spins I = 17 and 16, respectively. They may correspond to the two signature partners of the configuration π [(g 7/2 , d 5/2 ) 2 ] 6 ⊗ ν[d 3/2 , (h 11/2 ) 5 ] 19 , or [00,5(00)] in shorthand. The CNS calculations, see Fig. 6(b) , show similarities with the observed bands.
In sequence b, a favored level is observed at I π = 21 − . A corresponding low-lying state is obtained in the CNS calculation for the configuration [00,3(00)]; see Fig. 6 (b) . It is built from the 6 + state of Fig. 5(a) , and the 15 − state in panel (b) . A similar configuration was found to be favored in the spin range between I = 19 and 21 in 120 Te [10] .
Sequence e exhibits a low-lying level at I = 28, as can be seen in the upper panel of Fig. 6 . In the calculations, the I π = 28 + state of the configuration π [(g 7/2 , d 5/2 ), h 11/2 ] 9 ⊗ ν[d 3/2 , (h 11/2 ) 5 ] 19 , or [01,5(00)] in shorthand, is favored. This configuration is proposed for branch e. 
C. Core-excited states
Several high-energy transitions feed levels around I = 25; see Fig. 1 . Their large energy, between ≈1.2 and 1.7 MeV, indicates that they deexcite core-breaking states. They may involve neutron excitations across the N = 64 subshell gap from (g 7/2 , d 5/2 ) into (d 3/2 , s 1/2 ) or h 11/2 orbitals or proton excitations across the Z = 50 shell gap from (g 7/2 , d 5/2 ) into (d 3/2 , s 1/2 ) or h 11/2 states. However, spin values above I = 25 can also be built in configurations with protons excited from (g 7/2 , d 5/2 ) into h 11/2 orbitals.
In general, low-j orbitals of the N osc = 64 shell are not distinguished within the CNS approach. However, for a discussion of core-excited states, a distinction should be made between (g 7/2 , d 5/2 ) and (d 3/2 , s 1/2 ) orbitals. For this purpose, the configurations are labeled as [p 1 , n 1 d n 2 3/2 ], where p 1 is the number of protons in h 11/2 orbitals, and n 1 and n 2 are the numbers of neutrons in h 11/2 and (d 3/2 , s 1/2 ) states, respectively. Figure 7 compares calculated excitation energies for the states generated by core excitations of this type. For reference, the valence space configurations terminating at I = 24 + and 25 − with configurations [0, 4d 2 3/2 ] and [0, 5d 1 3/2 ], respectively, are also provided. Neutron excitation across the N = 64 gap result in, e.g., the [0, 5d 2 3/2 ], [0, 6d 1 3/2 ], and [0, 4d 3 3/2 ] configurations. In addition, protons occupying h 11/2 orbitals, coupled to the various neutron excitations, may be considered. A low-lying example is the [1, 4d 2 3/2 ] configuration, also shown in Fig. 6 (b) , which terminates in an I = 27 + level; see Fig. 7 .
D. High-spin bands
The seven new high-spin rotational bands in 122 Te exhibit features similar to the long collective bands in neighboring nuclei with neutron numbers N between 68 and 72 [10, 12, [15] [16] [17] [18] . Since these new bands are not linked to the lower-lying states of the level scheme, configuration assignments based on comparisons with CNS calculations can only be viewed as tentative.
In Figs. 8 and 9 , the spins as a function of γ -ray energy and the dynamic moments of inertia as a function of rotational frequency, respectively, are compared to selected bands in neighboring nuclei. The similarity of the new bands with, e.g., connected bands in 125 Xe [17] and 126 Xe [18] is striking. For several bands in these Xe isotopes, deformation parameters ε 2 between 0.25 and 0.35 were deduced from the results of DSAM-type measurements. The deformation of the new bands in 122 Te probably lies in this range as well. For comparison, the superdeformed band in 132 Ce [34] with ε 2 0.4 is included in Fig. 9 ; its moment of inertia is appreciably larger.
A recent investigation [35] within the framework of the CNS model indicates that the collective bands in this mass region involve proton holes in the g 9/2 subshell, below the Z = 50 gap. In general, it seems that bands with two holes are easier to populate experimentally than those with one hole [29] .
Total energy surfaces, computed with the constraint of two g 9/2 proton holes, are displayed in Fig. 10 . At I π = 32 + , a prolate minimum is observed with ε 2 ≈ 0.20, corresponding to configurations with the neutrons confined to the N = 50-82 shell. Around I π = 40 + , a second minimum appears at ε 2 ≈ 0.30 and γ ≈ 15 • , which becomes lowest in energy at higher spins. The most favored configuration in this minimum has three neutrons excited across the N = 82 gap; two in (h 9/2 , f 7/2 ) orbitals and one in the i 13/2 subshell, in addition to the two proton holes in g 9/2 orbitals. Finally, at I π = 52 + , a minimum at ε 2 ≈ 0.40, γ ≈ 25 • is lowest in energy, where a second neutron is excited to oscillator-shell N osc = 6 orbitals. In addition, protons are excited from the N osc = 3 shell.
Low-lying configurations involving one or two g 9/2 proton holes are presented for various combinations of parity and signature in Fig. 11 . Generally, structures involving one g 9/2 hole either terminate at too low a spin value or lie at higher excitation energy compared to those with two proton holes in the g 9/2 subshell. The configurations involving two proton holes and neutron excitations across the N = 64 gap to (d 3/2 , s 1/2 ) and h 11/2 orbitals lie low in energy in the spin range of I = 30-40. Furthermore, states generated with contributions from i 13/2 , h 9/2 , and f 7/2 neutron orbitals become yrast at very high spin. Note, however, that in an extended spin between experiment and calculations, displayed in Fig. 12(c) , behaves as expected, i.e., the difference increases slowly with decreasing spin indicating the increasing importance of the pairing correlations not included in the CNS calculations.
In the calculations, there is only one configuration with one proton g 9/2 hole forming a regular band up to I ∼ 40, where this type of configuration terminate. It is the [11,6(00)] structure which lies low in energy; see Fig. 11(a) . The two signature-degenerate branches terminate in the π [(g 9/2 ) −1 (g 7/2 , d 5/2 ) 3 h 11/2 ] ⊗ ν[(g 7/2 , d 5/2 ) −2 (h 11/2 ) 6 (d 3/2 s 1/2 ) 2 ] states with I max = 41 and 42.
Bands b1 and b7 are not observed to very high spin. With the presently chosen spin values and excitation energies, they are close to being signature degenerate over their full spin range. When compared with the [11,6(00)] configurations, the difference curves, Fig. 12(c) , exhibit a spin dependence similar to that for band b6. The absolute values of the two difference curves differ by approximately 0.5 MeV, but they would overlap for a rather small change in the relative excitation energies. The arguments for this interpretation of bands b1 and b7 would clearly become stronger if they were connected by M1 transitions which are expected for bands with one hole in a high-K orbital; see, e.g., Ref. [36] .
Bands b3, b4, and b5 have rather similar E − E rld curves. Bands b3 and b4 are close to being signature degenerate. They are observed well beyond I = 40, which implies that they should be assigned to configurations with two proton g 9/2 holes. It is possible to interpret these as the two signatures of the [21,5(00)] configuration. Band b5 may then be assigned to the [22,6(00)] configuration, which has a similar E − E rld curve, as seen in Fig. 12 (b) . A difficulty with this interpretation is that the I max values for the two [21,5(00)] bands are 44 + , 45 + , whereas the two bands are observed up to I = 46, 45 or tentatively even up to I = 48, 47. Note, however, that the I max states are formed with two (g 7/2 , d 5/2 ) holes in the Z = 64 core and with small changes of the parameters, bands containing more such holes might extend smoothly to higher spins.
Band b2 is the weakest band observed and is not observed to very high spin. Therefore, it might be assigned to a configuration with one g 9/2 hole. However, with the present constraints, no smooth band with features similar to band b2 is calculated. In Fig. 12 , it has been compared with the unfavored signature of the [21,6(00)] configuration. The favored signature has been assigned to band b6; see above. This results in a reasonable difference curve; see Fig. 12(c) . However, the spin dependence is different compared with the other bands, underlining the tentative character of this assignment.
V. CONCLUSIONS
High-spin states in 122 Te were populated in the 82 Se( 48 Ca,α4n) 122 Te reaction and γ -ray coincidences were measured with the Gammasphere spectrometer. The level scheme of this nucleus was extended up to I 48. Terminating states within the valence space, high-energy transitions from core-excited states, and seven high-spin rotational bands were observed.
Comparison with CNS calculations allows us to propose configuration assignments to the terminating states. Suggestions are presented for configurations of core-breaking levels and for the high-spin bands. Choosing spins in accordance with those of connected bands in neighboring nuclei and estimating excitation energies from their relative intensities, configurations were assigned for the bands corresponding to the lowest band structures calculated within the framework of the CNS model. Their structures are based on proton excitations from g 9/2 orbitals coupled to neutron excitations within the N = 50-82 valence space.
